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Integrating STEM and Computer Science in Algebra:
Teachers' Computational Thinking Dispositions
Introduction.
In a world where computing and computing technologies are growing at an everincreasing rate, students need meaningfully situated opportunities to learn how to think computationally. Defined as a creative way to approach tasks or problems using concepts, practices, and perspectives from computer science, computational thinking holds promise for all levels of education, especially K-12 classrooms [1] . Efforts to advance computational thinking in education include increased attention to the dispositions that people display when engaging in computational thinking [2] . The study described in this paper extends these efforts by examining the impact of a summer professional development institute on teachers' computational thinking dispositions.
As part of a larger NSF-funded STEM + Computing project, participating teachers explored a pilot unit that uses engineering and computer science to infuse computational thinking into the teaching of linear functions in secondary algebra. Using a design-based research framework that intertwines innovative learning environments and the development of theories of learning, the research team engaged teachers as learners, classroom leaders, and collaborators in inquiry [3] [4] . This collaborative approach heightens the relevance of the designed intervention to teachers' practice while also yielding key insights for research.
In the case of the teacher institute, focusing on dispositions provided an anchor that helped teachers navigate the ambiguity of the inquiry-based experience. Consequently, for this study, the research team examined the institute data with a focus on three computational thinking dispositions that were highly salient in teachers' engagement with the unit: tolerance for ambiguity, collaboration, and persistence [5] . The team created a conceptual framework and coding scheme for each disposition. These guided implementation of the unit and have subsequently been used in other aspects of the study, such as the analysis of video data, teacher reflections, and written work. Figure 1 includes an example of the conceptual framework for the tolerance for ambiguity disposition, and figure 2 provides illustrations of focal dispositions with examples drawn from the institute.
• an interest in exploring unfamiliar situations, • the desire to discover meaning or possibilities that are not yet apparent, • a tendency to avoid rigid categories and take a flexible view of categorization, • an accepting view of variance, and • a curiosity about the unknown or unfamiliar.
• awareness that engaging with uncertain situations can lead to growth, • alertness to opportunities to clarify what is known and unknown, and • responsiveness to approaches for reframing ambiguous situations or stimuli.
• a capacity to acknowledge multiple possible solutions or explanations, • the ability to find value in undertaking "messy" tasks, and • a willingness to navigate incomplete data and uncertain trajectories to a solution. Learner becomes "blocked" when confronted with inconstant or uncertain elements of task or data.
Learner takes a rigid view of categorization ("It has to be one or the other") and shows discomfort with not being able to designate where something fits exactly in a context or process.
Learner accepts a familiar/premature solution or explanation despite evidence of its unsuitability for a situation.
Learner may express concern to peers and/or facilitators over the lack of clarity in a task and the need for a step-by-step procedure.
High Tolerance for Ambiguity
A learner with high tolerance of ambiguity demonstrates a willingness to engage with ambiguous situations/stimuli as valuable opportunities for discovery of that which s
/he does not yet know ("I like how open this is").
Learner clarifies what is known and unknown and shows interest in exploring uncertain elements of task or data. ("I'm not sure where this fits exactly, but that's okay"; "The data will never be perfect.")
Learner may reframe ambiguous situations or stimuli but does not impose a solution or explanation prematurely.
Learner considers multiple approaches and pathways and/or shows acceptance of the fact that some uncertainty may persist even after a problem is "solved."
Learner may work to navigate ambiguity with peers or to gain additional perspectives on pathways to a solution.
Figure 2: Illustrations of low and high tolerance of ambiguity
Preliminary analysis of the institute data showed shifts in teachers' display of the target dispositions and their estimation of the value of these dispositions to their students' success in mathematics. Further, the study found that cultivation of the target dispositions corresponded to increases in teacher investment in the unit, both as learners exploring the materials and as educators preparing to implement the approach with their own students.
Overview of teacher professional development.
The teacher institute was conducted at the beginning of June, after the partner school district had completed its school year. The institute lasted two weeks and engaged 18 teachers selected based on their assignment to courses that included some engagement with linear functions. During the institute, teachers were introduced to a lesson unit that focused on integrating computational thinking and STEM concepts with linear functions and using an interactive portal to visualize data gathered.
Inquiry-based exploration of Ohm's Law.
The unit focused on Ohm's Law, particularly the linear relationship between current and voltage in a circuit that has a constant resistance. The purpose of the Ohm's Law unit was to build a simple circuit, collect measurements of the current for various applied voltage and generate a graph to show the linear relationship between current and voltage in a circuit. This unit took place over three days during the summer institute for the teachers. The daily agenda for the summer institute can be seen in the appendix. The teachers were able to engage in the unit as students and were given time for reflection and discussion after each lesson within the unit.
Teachers were first introduced to a multi-meter and were asked to measure the voltage of several batteries. The unit had an inquiry-based focus; instead of telling the teachers how to use a multi-meter they were allowed to explore and discover how to measure voltage on their own. As the unit progressed, the teachers were introduced to each separate component of a circuit in a similar way. After the battery was the resistor, then the LED, then the switch and finally the breadboard. As each component was introduced the teachers were given a loosely structured activity that allowed them to explore the component and how it worked.
After being introduced to each component that they would need to build their circuit, the teachers were then given the task of building a circuit on a breadboard. (A sample circuit can be seen in Figure 3 .) The teachers were not told how to build a circuit nor were they shown pictures of a circuit on a breadboard. They were required to use their own problem solving skills and create their own circuit. Many teachers were initially frustrated as they encountered struggles and setbacks. For example, teachers found it uncomfortable to contend with imperfect data, and they also experienced discomfort at being outside of their realm of expertise. As some teachers were successful in creating a working circuit, they began to share their ideas and collaborate with other teachers who were still struggling. Ultimately, all the teachers who participated were successful in building their circuit.
Figure 3: Sample circuit

Visualizing data.
After building their circuits, the teachers collected data as they measured the current in their circuit when they attached different batteries of different voltages. The teachers then entered their collected data into an online graphing portal (see Figure 4) , developed by programmers on the project, and were able to observe the linear relationship between current and voltage. In the online graphing portal, teachers had the capability of sharing and combining data within their groups in order to gather a larger sample of data (see Figure 5 ). The portal also allowed for manipulations of the graph and data table to allow for a dynamic tool to examine the data (see Figure 6 ). 
Cultivating reflection.
Teacher engagement with the units was supported by a range of structures to encourage teachers to reflect on their experiences as learners. These opportunities included end-of-day reflections designed to elicit consideration of CT dispositions, small-group and whole-group reflective discussions. Figure 7 shows the questions that teachers responded to in their end-ofday reflections. Teachers saw this as a daily opportunity to capture insights from their experience, note challenges and accomplishments, and gain perspective on their work. The openended responses did not require teachers to write a specific amount, but most extended their thinking at considerable length, signaling that the task was meaningful to them and not merely an exercise to be completed. The relevance and value of the daily reflections was underscored through morning check-ins with the project leader, who excerpted insights from the previous day's reflections, highlighted key themes, and invited group analysis to identify further patterns of challenge and success. These opening sessions helped to catalyze discussion and set the tone for the day's exploration.
After completing a portion of the unit, teachers worked with the research team to reflect on what they had experienced using a range of structures. These included a whole-group listening circle and small-group discussions with participant facilitators that focused on specific questions to gather insights. A colleague who specialized in reflective structures trained the team and the participants on approaches to reflection, so teachers were supported in the effort to examine their thinking and experience collaboratively. In each of these reflective experiences, the teachers were asked to consider their experiences with the unit as both a learner and an educator (see Table 1 ). In addition to cultivating greater awareness of their own process, these reflections were critical to the research team gaining an understanding the teachers' experiences and how the teachers grew throughout the institute. After teachers had thoroughly explored the unit materials, they spent the remaining time at the institute crafting lesson plans for their own classrooms based on the unit that they had just experienced. This allowed for teachers to adapt and create lessons that would work best in their own classrooms. Teachers were able to collaborate with other teachers at their same school who also participated in the institute, as well as with other teachers who teach the same grade level and same courses. The teachers took the opportunity for collaboration in creating the lessons and ultimately generated creative and unique versions of the same core activities. Note: Day 1, the first day of the circuit unit teachers were less confident in their responses to those three questions when compared to the results from day 3, the last day of the circuit unit.
Conclusion.
The Institute paired hands-on exploration with opportunities for teachers to reflect on that experience. By making the computational thinking dispositions a focal point that the team and teachers could repeatedly return to, aspects of learner experience became meaningful through the framework of computational thinking. For example, as teachers reflected on their experiences with the unit and the institute, many commented on the value of having to struggle and then experiencing success through persistence. They also observed the benefit of better understanding the uncertainty their students feel in working with unfamiliar problems and tasks. Importantly, through the institute, many teachers came to recognize that their job was not to remove students' uncertainty but rather to support them as they explored and to provide meaningful opportunities for collaboration. This was a significant shift for some teachers who had not previously placed a high value on students' exploration.
Finer grain analysis of the Institute data continues, and the team is supplementing selfreported insights from the written and oral reflections with analysis of video recordings of teachers while engaged in work on the unit. Further analysis of the institute's impact will examine the effectiveness of different teachers' modes of implementation of the Ohm's law unit with a particular focus on how and to what degree they incorporate attention to computational thinking dispositions through classroom discourse, reflection, and other learning opportunities.
